The number of urban migrants in China is 300 million and is increasing rapidly in response to government policies. Urban migrants have poor access to health care, but little is known about rates of correction of refractive error among migrant children. This is of particular significance in light of recent evidence demonstrating the educational impact of providing children with spectacles.
rural areas in China, as few as 1 in 6 children needing glasses owns them. 4 In addition to China's rural population, urban migrants are another group known to have poor access to health care facilities. 5, 6 In 2013, 35.3 million rural laborers, or 21% of the total, brought their families to their destination cities. 7 The number of urban migrant children younger than 17 years increased 80% in a decade, from 19.8 million in 2000 to 35.8 million in 2010. 8 Owing to China's strict hukou (local residence)
household registration system, 9 migrants have limited access to public services, including health care and education, resulting in poorer educational and health care outcomes than their local counterparts. [10] [11] [12] Compared with other Chinese urban dwellers, migrants bear a higher burden of hepatitis, 13 sexually transmitted diseases, 14 occupational injuries, 15 and inadequate women's, 16 children's, 17 and prenatal 18 health care.
However, few studies 19 have assessed the burden of visual impairment and rates of spectacle wear among China's urban migrant children.
We carried out a randomized trial of incentives to increase spectacle use 20 among children attending predominantly migrant primary schools in 3 large eastern Chinese cities. In the current article, we report the baseline prevalence of need for spectacles and spectacle ownership among such children screened for our trial.
Methods
The protocol for this study has been described elsewhere in detail 20 and was approved in full by the institutional review boards at Stanford University and the Zhongshan Ophthalmic Center. Permission was received from local boards of education in each setting, and the principals of all schools and at least 1 parent of each child provided written informed consent for participation. The principles of the Declaration of Helsinki were followed throughout.
Setting
The study was carried out in Shanghai (the world's largest city proper, with a total population of 24.2 million in 2012, 21 including 9.6 million migrants 22 ) as well as Suzhou and Wuxi (in Jiangsu Province, a pair of cities located near Shanghai with a combined prefectural population of 17.0 million in 2014, 23, 24 more than half estimated to be migrants 25 ) between September 15 and 30, 2013. These cities were selected for having among China's largest populations of migrants, defined herein as children and families who reported not having a local primary residence (hukou). Substantial rural and suburban areas exist within the borders of these 3 cities, and migrant populations tend to be clustered in these rural and suburban zones. In 2010, migrants accounted for 46.2% of all children living in Shanghai and 24.7% in Jiangsu. As the number of migrant children has increased, their education has become one of the greatest challenges facing the Chinese education system. Given that migrant children in cities still retain their rural hukou, they are allowed to enroll in urban public schools only if space is available. As a result, migrant children in these communities mostly attend schools that are private and unregulated, with little support from the government.
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Sampling and Eligibility Criteria
All elementary schools in these cities identified by the local bureaus of education as having a primarily migrant population were enumerated, and 94 schools were selected at random (66 in Shanghai and 28 in Suzhou/Wuxi). All 28 schools on the lists for Suzhou and Wuxi were chosen. In the principal migrant districts of Shanghai (Fengxian, Jinshan, Qingpu, and Pudong), 70 of 107 schools were selected at random based on the population size of each district. During implementation, 4 of the Shanghai schools (5.7%) withdrew from participation. One fifth-grade class (children usually aged 10-12 years) was selected at random in each school, questionnaires were administered, and visual acuity (VA) testing and refraction were carried out. All children in the selected classes meeting the following criteria were considered eligible to receive glasses in the parent trial and as needing glasses in the current study: uncorrected VA of 6/12 or less in either eye; refractive error showing myopia of −0. 5 diopters (D) or less in both eyes, hyperopia of +2.0 D or greater in both eyes, or astigmatism (nonspherical refractive error) of 0.75 D or greater in both eyes; and VA correctable to greater than 6/12 in either eye with glasses.
Our definition of needing glasses was based on having VA at the level used in the Refractive Error Study in Children to define vision impairment, 26 together with refractive error cutoffs validated in our previous work 27 as being associated with greater improvement in VA when corrected. Finally, improvement in VA to 6/12 in either eye with glasses was required, to eliminate children whose poor vision was due predominantly to amblyopia or other nonrefractive causes.
Questionnaires
At baseline (September 2013, beginning of the school year), enumerators administered questionnaires to children concerning their age, sex, urban vs rural residence, local primary residence (to identify migrant status), glasses wear, time spent in near work and outdoor activities, family migrant status, and parental glasses wear and education. Children were asked about
At a Glance
• Although a quarter of migrant children needed spectacles, only 15% of these owned them. • This figure is comparable to that for similar children in rural western China measured using an identical protocol.
• It is substantially lower than previously reported for similar-aged children at conventional Chinese urban schools (66%).
the family's ownership of 13 items as an indication of family wealth: car, camera, washing machine, motorcycle or electric bicycle, air conditioner, water heater, gas or liquefied petroleum gas stove, computer, range hood, Internet access, refrigerator or freezer, television, and flush toilet. Children's weekly pocket money 28 was also recorded as an alternative indicator of family financial status. Teachers were asked to state whether the blackboard (potentially not clearly seen by myopic children and so a possible driver of glasses use) was used for all, most, about half, little, or no teaching. Baseline spectacle use was defined as being able to produce glasses at school on the day of the examination, having been told previously to bring them.
VA Assessment
Children underwent baseline VA screening at school by a nurse and trained assistant. Visual acuity was tested separately for each eye without refraction at 4 m using an Early Treatment Diabetic Retinopathy Study 29 chart (Precision Vision) in a welllighted, indoor area. If the orientation of at least 4 of 5 optotypes on the 6/60 line was correctly identified, children were examined on the 6/30 line, on the 6/15 line, and then line by line to 6/3. Visual acuity for an eye was defined as the lowest line on which 4 of 5 optotypes were read correctly. If the top line could not be read at 4 m, the child was tested as described earlier at 1 m and the measured VA was divided by 4.
Refraction
Children with uncorrected VA of 6/12 or less in either eye underwent cycloplegia with up to 3 drops each of cyclopentolate hydrochloride, 1%, and proparacaine hydrochloride, 0.5%. Children then underwent automated refraction (Topcon KR 8900) with subjective refinement by a local optometrist previously trained by experienced optometrists from Zhongshan Ophthalmic Center.
Statistical Analysis
Refractive power was defined throughout as the subjective spherical equivalent, or spherical power plus half the cylindrical power. Family wealth was calculated by summing the value, as reported in the Rural Household Survey Yearbook,
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of items reported as being owned by the family from a list of 13. Terciles of family wealth were used in analyses owing to nonnormal distribution of the data. Tercile levels for children failing to complete the list of 13 items (n = 518 [11.8%]) were imputed based on their tercile level of self-reported weekly pocket money. All analyses were performed using Stata version 12.0 statistical software (StataCorp LP), calculating robust standard errors to adjust for clustering by school. 31 Other baseline variables were investigated using logistic regression as predictors of the main outcomes: need for spectacles among children failing VA screening, and ownership of spectacles among children who needed them. The multiple regression models included age, sex, migrant status, and all variables in the simple regression associated with the outcome at P ≤ .20. In view of the high proportion (nearly 30%) of parents refusing permission for refraction, we performed an alternative analysis of spectacle ownership and its predictors among all children failing VA screening to assess the potential effect of the loss of these children on our analyses.
Results
Among Figure) . Migrant children were more likely than local children to report rural residence (89.3% vs 59.6%, respectively; P < .001), to have additional siblings in the family rather than being an only child (only child, 15.8% vs 40.4%, respectively; P = .007), and to have parents who were less educated (≥1 parent with ≥12 years of education, 7.7% vs 24.7%, respectively; P < .001); were less likely to have parents who wore glasses (12.3% vs 30.1%, respectively; P < .001); and had less family wealth (P < .001). However, standardized scores on study-specific mathematics tests were higher among migrant children (0.07 vs −0.45 SDs, (Figure) . Children of families refusing refraction were more likely to be boys (P = .003) and had better uncorrected VA (P = .003) than children whose families accepted it. Table 2 shows spectacle ownership among migrant and local children meeting our trial criteria of needing glasses. Local children ( using an identical protocol and definition of spectacle need: 463 of 3177 (14.6%). Ownership of glasses was far higher in a group of similar-aged children attending conventional urban schools in eastern China 32 using similar protocols and definitions: 640 of 971 (65.9%) (eTable in the Supplement).
Figure. Flowchart for Enrollment of Children in the Study
Predictors of needing spectacles in multiple logistic regression models in this study included fewer weekly hours spent outdoors (OR = 0.96; 95% CI, 0.93-0.99; P = .02) and being an only child (OR = 2.78; 95% CI, 1.49-5.17; P = .001) ( Table 3 ). An alternative analysis of spectacle wear among all children failing VA screening, to test the potential effect on our results of children whose families refused refraction, produced substantially similar results except that being a local child and being an only child in the family were now positively associated with spectacle use (data not shown). Having uncorrected VA less than 6/18 in both eyes was a predictor of higher baseline spectacle ownership (OR = 5.73; 95% CI, 3.81-8.62; P < .001), but parental education and family wealth were not ( Table 4) .
Discussion
We observed a high prevalence of need for spectacles and very low rates of spectacle use among children needing them in this large cohort of urban migrant children. China's population of migrant children is currently estimated at more than 30 million, and government policies resettling rural dwellers to specially created urban areas are encouraging rapid expansion of this number. The results of this study add to existing data 19 suggesting that uncorrected refractive error among urban migrant children is a major health care problem for China. This has important implications for program planners, particularly in view of recent results demonstrating the significant effect of providing spectacles on children's educational outcomes in China. 4 Programs targeting migrant children and providing free or low-cost spectacles are needed; previous studies 4 have suggested that when glasses are provided for free, rates of use double compared with the use of even low-cost options. and maternal and child health problems. 16, 18 In addition, He et al 19 have reported a high prevalence of uncorrected refractive error among children at predominantly migrant primary schools in Shanghai, similar to that observed in our study. In their report on children in elementary grades 1 to 5, 13% of children failed vision screening using a definition similar to ours, and only 15.5% of these owned and were wearing spectacles. The somewhat lower rate of failed vision screening is presumably due to the inclusion of younger children in the study by He and colleagues, whereas our study enrolled children in the fifth grade only. Compared with the study by He and colleagues, our study included 3 municipalities with large migrant populations, as opposed to 1, and selected children from a much larger range of schools (94 in our study vs 11 in the study by He and colleagues), which is important in view of the strong tendency for clustering of visual impairment, spectacle use, and predictive factors within schools. The estimates provided in our study are thus expected to be more robust. Our study also provides information on important determinants of spectacle wear that were not provided in the article by He and colleagues. Finally, our study had a higher rate of participation than that by He and colleagues (70.7% vs 59.6%, respectively) and compared characteristics between children who did and did not participate.
Several factors may underlie the low rates of spectacle wear among urban migrant children. Compared with children selfreporting as local in this study, migrant families had lower parental education and parental rates of spectacle wear as well as poorer indicators of family wealth (Table 1) . Among these, parental spectacle wear was a predictor of children's spectacle ownership in our univariate logistic models. Failing vision screening and needing spectacles were less common among migrant children as opposed to local children, and poor vision was also associated with spectacle wear, but glasses ownership rates remained lower among migrant children even when stratifying for both refractive error and VA (Table 2 ). In our models controlling for various determinants of spectacle wear (Table 4) , the effect of migrant status disappeared.
Regarding the lower prevalence of need for spectacles among migrant children compared with local children, this appears to be explained by differences in factors such as urban vs rural residence and parental spectacle wear (presumably in this case acting as a proxy for genetic effects). In our models, when adjusting for these factors, migrant status was no longer associated with need for spectacles. Consistent with other studies among Chinese children, 33 myopia was the main cause of need for spectacles in our cohort, present in 169 of 181 such children (93.4%). It should be remembered that the children self-reporting as local in this study were attending majority-migrant schools and thus likely differed from urban children studying at standard institutions. For example, spectacle wear among local children who needed glasses in this study (35.3%) was only about half that reported previously 21 for urban children at standard schools (65.9%). Further, our sample of local children was also relatively small, comprising only 151 children, making inferences regarding them somewhat less reliable. Strengths of this study include its population-based nature, having sampled randomly from among a large number of majority-migrant schools in 3 large eastern cities. Our protocols and definitions allowed direct comparison with spectacle ownership rates previously reported 4 among similaraged children dwelling in poor, rural areas. Limitations must also be acknowledged. As noted earlier, the number of local children was small, and these children are unlikely to be rep- spectacle ownership among urban-dwelling migrant children in eastern China. They found a high rate of visual impairment from refractive error and a low rate of spectacle use. They noted that migrant children were significantly less likely to own glasses than local children. Of concern, only 40.3% of migrant children with uncorrected visual acuity less than 6/18 owned glasses, compared with 71.4% of local children. Having uncorrected visual acuity less than 6/18 in both eyes was predictive of higher baseline spectacle ownership; however, parental education and family wealth were not significant predictors.
The study by Wang and colleagues is an important addition to the literature. Barriers to adherence with a therapeutic intervention, such as spectacle wear, vary depending on setting and therefore must be contextualized. Local beliefs about the harms and benefits of treatments often drive outcomes.
Previous work has sought to elucidate barriers to spectacle wear in many countries, and it has been consistently found that parents frequently fear that wearing glasses can be harmful for their children. Investigators have shown this in diverse settings such as Indonesia, 2 Tanzania, 3 and China. 4, 5 Clearly work is needed to develop educational messages to engage parents in this process to improve outcomes. Another important barrier to spectacle use is the lack of social desirability of wearing glasses. Studies from Indonesia 2 and Mexico 6 have documented that people with correctable refractive error may not wear glasses when they or their peers dislike the appearance of glasses. One study from Oaxaca, Mexico, found that disliking the appearance of glasses was a common reason children did not wear them; however, younger children and those from more rural locations were more likely to wear their glasses. 6 This may relate to greater peer pressure among older children and different ideas of attractiveness found in urban locations. Interestingly, in one study from rural China, children ranked the appearance of glasses as one of the least important factors in their decision to wear their prescribed spectacles. 5 Another factor influencing spectacle wear is perceived benefit; some investigators have found that even those whose vision is significantly improved with new spectacles report that they do not feel they need glasses or do not need new glasses. 4 This is somewhat surprising and may relate to various factors, including a lack of awareness of refractive error and its treatment as well as the cost of spectacles. It should be noted that the refractive threshold for provision of glasses varies from study to study. While a number of studies have shown that even those with poor uncorrected visual acuity may be nonadherent, those with lower refractive errors are even less likely to wear their spectacles. 1, 4 For this reason, and to best allocate scarce economic resources, efforts to establish appropriate thresholds for prescription of spectacles in some settings may be warranted. Economic barriers, including perceived cost of spectacles, 3, 4 lack of access to optical services, 3 and parents being too busy at work to buy glasses for their children, 5 may affect accessibility of glasses. In some studies, participants ranked cost as not important, 2,5 while in others cost ranked among the most important factors. 3, 4 In one study where both cost and access to optical services were cited as important barriers, school children indicated that they favored traditional and alternative medical practices for treatment of poor vision. 3 To date, most studies have used closed-ended questionnaires to determine barriers to spectacle wear, while few have used rigorous qualitative research methods. One exception was a study by Li et al 5 carried out in rural southern China. In this study, the investigators conducted focus groups with children, parents, and teachers. These authors found that all 3 groups believed glasses might be harmful to the eyes. Moreover, parents commonly cited being too busy at work as a reason for not buying glasses, but cost did not rank highly. Students consistently cited inconvenience as a reason for not Related article page 1399
